Abstract: Despite climate change mitigation and sustainability agendas, road transport systems in Germany and the resulting environmental burden are growing. Road transport is a significant source of emissions in urban areas and the infrastructure has a significant impact on the urban form. Nevertheless, mobility is a fundamental requirement for the satisfaction of the human desire to socially and economically engage in society. Considering these realities and the desire for sustainable development in a growing city (Potsdam, Germany), an integrated assessment methodology was co-developed among scientists and practitioners to prioritize a suite of transport-related measures. The methodology reflects the city's qualitative and quantitative goals to improve public transport and promote sustainability, capturing synergies in categories that include environmental considerations as well as road safety, eco-mobility, and quality of life. This approach applies a multi-criteria analysis (MCA) to derive a practically relevant solution for the local traffic and mobility problems that fosters ownership and accountability of all involved. This paper reflects on the process of developing the MCA, and the different aspects that were found important and required consideration during the process. Recommendations on specific traffic-related measures and the assessment of their effectiveness are not given. The aim is that such process information could foster greater collaboration within city departments and similar transdisciplinary efforts.
Introduction
Cityscapes are shaped by road transport infrastructure which is often the single most important element of urban infrastructure [1, 2] . Road infrastructure, along with non-road public transport infrastructure, guarantees mobility, and is therefore considered vital for business as well as for quality of life for the individual citizen. Accessibility and mobility are fundamental requirements for the satisfaction of the human desire to socially and economically engage in society [3, 4] . Public transport and vehicles, specifically personal vehicles, constitute a significant fraction of personal mobility in Germany-61% of trips were by passenger car in 2002 [5] -and is simultaneously the cause of air and noise pollution and greenhouse gas emissions, as well as the disturbance of habitable spaces and accidental death and injuries. Personal mobility that requires fossil fuel use is often perceived to facilitate an enriched life, but simultaneous adverse effects of road traffic reduce quality of life [6] . Therefore, in order to provide high quality of life in urban areas it is necessary to reduce the negative effects of road traffic while optimizing a variety of mobility options for citizens [3] .
Currently, in Germany, road transport infrastructure is becoming denser and the environmental burden is increasing [7] . Car traffic in particular is a significant emission source for nitrogen oxides (NOx) and particulate matter (PM) in Europe and Germany [8] . These air pollutants have detrimental effects on human health leading to cardiovascular, as well as respiratory diseases [9, 10] . European citizens may legally demand air quality action plans in case of actual or potential exceedances of legal air quality limit values such as for NOx and PM10 (PM with an aerodynamic diameter smaller than 10 µm). This has led to the introduction of so-called low emission zones (German: "Umweltzonen") in several German cities such as Berlin or Munich [11] . The aforementioned air pollutant and greenhouse gas emissions from road traffic are also responsible for long-and short-lived climate-forcing pollutants that contribute to climate change. Transportation is one of the main challenges for sustainable development as it is mainly dependent on fossil fuel and accounts for a large fraction of energy use, i.e., 25% globally and 30% in EU countries [12] . Altogether car trips are responsible for 46% of the climate impact from German travel activities. Urban trips constitute more than 90% of all trips and make up 22% of the overall traffic climate impact [13] .
Developing sustainable city transport, i.e., improving accessibility, minimizing travel times and providing equal mobility options to all while reducing environmental impacts has become a key challenge and priority in urban transport planning [2, 14] . Sustainable transport is a complex cross-sectoral topic that links the obligation for legal compliance with air quality and noise standards with a city's vision for green development and climate strategies, attractiveness, citizens' satisfaction, and tight city budgets. City authorities are well aware of these challenges and have come up with portfolios of general, as well as locally specific solutions for sustainable transport systems [4, [15] [16] [17] . Generally, such portfolios include infrastructure projects, car and/or bike sharing initiatives, public relations campaigns to encourage the use of public transport or bikes, and other sustainability-fostering efforts. Such strategic measures combined with those required for legal compliance often create long lists of measures that cannot all be put into practice due to budgetary limitations. In addition, such lists are often opaque in the sense that overlaps, counterproductive measures, or synergies are hardly visible, often owing to the many different departments involved in their planning and implementation.
To structure and prioritize such lists for a sustainable city mobility system that reduces environmental impacts, ensures mobility, makes living in the city attractive, and is financially viable, detailed and diverse information needs to be organized and assessed. Multi-criteria analysis (MCA) or multi-criteria decision making (MCDM) is a type of tool that allows decision makers to go beyond single-criterion approaches that often fall short in environmental and urban planning challenges and to include a wide range of criteria. Multi-criteria techniques have been widely applied to environmental issues e.g., [18] and to urban transport planning where environmental criteria are important, but where additional attributes also play a crucial role. The respective scientific literature from the last three decades comprises over 400 research papers, a review of MCA application in the transport sector can be found in Camargo Perez et al. [2] . Many of the studies apply combinations of established MCAs or develop their own purpose specific methods. One example for a purpose tailored MCA is the Dutch Solve initiative focusing on the reduction of the environmental burden from city traffic emissions [19] . Here benefits and trade-offs with respect to several criteria are listed in a performance matrix for individual measures as a decision basis for local governments.
To successfully apply MCAs to urban transport challenges several types of knowledge need to be included. Practical knowledge is important for substantive and instrumental reasons to judge, for example, feasibility and local travel behavior as well as compliance with legal constraints. Scientific knowledge is necessary to estimate the effect on air pollutant concentrations, greenhouse gases emissions, and noise levels from measures. Additionally, next to political motivations normative considerations play a role when it comes to including e.g., social equity and acceptability in urban planning. Solving such a "real-world" optimization problem is ideally tackled with an approach that involves practitioners and scientists to co-design the solution options based on the different knowledge systems required. Although definitions vary in the inclusion of specific methods and components, such approaches are generally known as transdisciplinary research e.g., [20, 21] , see Section 2.2. A previous application of such an approach specifically to the transport sector is the sustainability oriented transdisciplinary scenario production for leisure traffic in the city of Basel, Switzerland [4] .
In this work, we describe the process of developing a multi-criteria assessment jointly between scientists, practitioners, and decision makers for the planning of sustainable and more integrated measures in the passenger transport sector in Potsdam, Germany. The objective is to provide other cities and sectors with a development methodology and tool that they can customize to their specific needs. The integrated assessment approach includes environmental considerations (air pollutants, climate relevant emissions, and noise emissions) as well as considerations for road safety, eco-mobility (i.e., usage of public transport, cycling, and walking), and quality of life. We further present and discuss the result from the application of this approach, as a way to describe more completely the process and method of prioritization of the measures. This serves the primary objective of making the analysis reproducible for other cities and sectors to factor in their specific constraints and values rather than recommending specific measures whose effectiveness might vary from location to location.
The integrated assessment approach developed in this study differs from most established MCAs. While most of the research on urban transport planning has focused on the strategic level and less on the tactical level [2] , our method is targeted at the tactical level. This level is crucial to reconcile the various strategic plans for e.g., the environment, infrastructure and economic development of a city and the specific operational measures such as building new transport infrastructure. Bringing in line the diverse objectives from several levels, complying with current legislation and being prepared especially for future environmental legislation, and limited budgets is a common challenge cities are facing.
In addition, the objective of applying an MCA in the case of Potsdam was not to decide between several alternative measures but to prioritize measures in an existing suite of measures that all need to be implemented as part of various plans. This provides the decision makers with a simple tool to tactically redistribute financial resources to already planned efforts under budgetary constraints in line with a consolidated urban transport vision. To assure high acceptability the development of the method involves practitioners and scientists following the idea of transdisciplinary research. Main conclusions from this applied case study are that the joint development of the MCA between different city departments and between practitioners and scientists led to enhanced credibility and acceptability of the outcome and resulted in a change of the budget plan to facilitate the implementation of the planned measures.
Materials and Methods

Background and Problem Description
German cities have to comply with a wide range of regulations that are linked to road transport and other mobility options, and include, for example, monitoring of noise emissions and ambient air pollutant concentrations. Ambient noise and air pollution are both regulated through European guidelines that are translated into national regulations (Federal Ambient Pollution Control Act, BImSchG, ordinances BImSchV 16 for noise and 39 for air quality) that prescribe limit and target values as well as the formulation of action plans in case of exceedances.
Potsdam is a growing middle size German city of about 160,000 inhabitants, located south-west of Berlin. In 2013, the population had increased by approximately 21% compared to 1996. The number of privately owned cars increased by 27% in the same period [22] . The car is the preferred means of transportation for travel including errands (41% of all travel), work or education (35%) and leisure (31%). Citizens bike most often for leisure activities (30%) [23] . For errands and work/education cycling makes up roughly one quarter of all travel and is surpassed by the usage of public transport only for going to work/education (31%). According to survey results, people are most satisfied with the public transport system while they are less satisfied with the cycling infrastructure and least satisfied with driving and car parking options. Compared to average German urban travel behavior in 2008, Potsdam citizens use their cars less and rely more on public transport and cycling. Nevertheless, emissions from traffic contribute significantly to air pollution in Potsdam. 15%-25% of the annual average PM10 burden for 2008 and 2010, and >50% of NO2 emissions originate from traffic [24] . In addition, noise pollution from traffic is so high in some locations that action is required by law [25] .
Against this background, Potsdam aimed to improve the accessibility of all parts of the city, increase road safety, establish equal mobility opportunities, increase the attractiveness of the city center, and reduce the environmental and climatic burden resulting from transport. The city developed noise and air quality action plans, both of which recommend minimization of air and noise pollution beyond just achieving target values. In addition, Potsdam had developed a city development concept with a section dedicated specifically to mobility [26] as the guidance document for traffic development and future budget planning. Considering the growing population, thriving local economy and increasing traffic volume, the city development concept aimed to improve the citizens' mobility while simultaneously reducing the environmental burden caused by motorized private transport. Hence all planning and resources were directed towards strengthening public and non-motorized (walking and biking) transport to reduce motorized private transport from 32% to 23% by 2015 following their concept of sustainable mobility [26] . Furthermore, Potsdam developed a climate protection strategy [27] that included a special section on traffic and innovative mobility with an objective to transfer 10% of motorized private transport to public transport and biking by 2020. Figure 1 illustrates the goals and strategies underlying Potsdam's objective to develop an "urban-and climate-friendly mobility for all in a livable city". The goals and strategies for this initiative were identified based on the above mentioned action plans as well as the mobility and climate strategies in advance of the integrated assessment initiative. To reach the overall goal, the city identified over 75 specific measures that were in the planning stage (pre-implementation) in 2013 relevant to the mobility sector. Some of these measures had multiple sub-measures that were directed at specific streets or areas within the city (only the general measure was assessed, the street-level applications of these measures were not explicitly included). The general categories for the measures were (A) public relations, (B) motorized private transport, (C) public transport, (D) walking, (E) biking, and (F) miscellaneous. 
MEASURES
With such a large number of measures it was difficult to maintain an overview for the planning authorities, especially with regard to overlaps, counter-productivity and synergies of measures. Furthermore, a limited budget implied implementation of only a selected number of the measures. While similar situations applied to several other sectors, the city of Potsdam decided to use the transport sector as a pilot project to develop an integrated assessment approach for prioritizing their measures. This sector was chosen because of the large number of domains that it affects, such as air quality, climate change mitigation, quality of life, social equality, and economics. As with the origination of many of these measures in different planning initiatives, different city departments were responsible for their development and implementation, therefore coordination was necessary to determine the most synergistic measures, and plan for their coordinated implementation in any given location throughout the city.
Working Group Approach
The integrated assessment approach was developed and applied following a transdisciplinary (TD) research approach [21, [28] [29] [30] [31] and references therein within a one year time frame. We based our method on two key aspects. First, a practically relevant solution for a "real-world" problem had to be found requiring ownership and accountability on the side of the city's project working group. Second, multi-criteria decision analysis, an established instrument in TD research, was to be the basis for the integrated assessment approach.
In the first phase after Lang et al. [21] "problem framing and team building" (see Figure 2 stage A) a group leader was appointed from a mandate originating in the city's mayoral office, and a collaborative research team, the working group, was brought together consisting of roughly ten representatives from the various affected departments in the municipality's administration. In addition, one person each from the state province's environmental protection agency and the ministry for environment, as well as two natural scientists (two of the co-authors) joined the working group. The areas of expertise covered road traffic control, city and mobility development, traffic infrastructure, mobility management, air quality, climate change, and public relations. Step C. Implementation of measures, is represented in the cycle but was in process and has not been completed at the time of the article and therefore not discussed here.) Right: the process applied in this study for the development of solution-oriented knowledge (step B) of the overall cycle.
The problem was collaboratively framed by the group and the to-be-developed integrated assessment approach was identified as the boundary object between science and practice that was both researchable and allowed for implementation in the city's planning process as well as in the scientific body of knowledge [32] .
Development of the Integrated Assessment Approach and Its Application
Co-Development
In the second phase after Lang et al. [21] "co-creation of solution oriented transferable knowledge", the purpose-tailored integrated assessment approach was co-developed by all working group members integrating the different available knowledge systems. The iterative and multi-stage process is illustrated in Figure 2 . Generally, all decisions were made in the plenary of the working group based on consensus (see box "decision-making" in Figure 2 ). At each stage of the project, the working group decided on or approved of the next steps. All participants were tasked to gather relevant information and/or conduct targeted research (see box "knowledge contribution") and report this to the steering group consisting of the group leader and the two scientists. The steering group integrated the reported information and knowledge to provide an overview in the following plenary session (see box "data and knowledge integration") for subsequent discussion and revision (box "decision-making"). In cases where information was missing or not understandable and further discussion was not a sufficient solution, the knowledge contribution process was repeated before subsequent plenary working group meetings (dotted arrows). Steering group meetings were twice a month, meetings with the whole working group were monthly. This facilitated continuous engagement and built trust. The process was executed four times for the initial problem definition, the creation of the integrated assessment approach, the evaluation of the results, and final prioritization of measures.
More specifically, for the development of the integrated assessment approach several types of knowledge were required. Scientific knowledge was necessary for information regarding emission changes triggered by the potential implementation of measures as well as their effects on air quality and climate. City-specific systems knowledge was necessary for judgments regarding the interplay between the transport infrastructure and citizens. Much of this was based on results from surveys conducted every five years by the city and long-term experience, such as the likelihood of public acceptance and citizens' behavioral changes due to measures (e.g., what type of cycling lane would be preferred, physically separate from the road or just visible distinction on the same pavement). Furthermore, knowledge of legal constraints or requirements as well as information on current public debates and sensitive issues that might have grown historically was also important.
Design of the Integrated Assessment Approach
Instead of applying an existing MCA method, the group decided to develop a simple, compensatory but purpose-specific MCA technique owing to several factors. Most important for this decision was the given task to deliver a priority list of measures within one year. This type of desired outcome differs from most MCA applications where a decision between a number of alternatives is required. Here, measures did not represent alternatives but a suite of efforts that need to be implemented over time.
Hence, priorities under budget limitations needed to be established. In addition, the number of measures (>75) and their different primary targets were not useful for a pairwise comparison procedure as performed in the most commonly applied MCAs in the urban transport sector, i.e., Analytical Hierarchy Process or Technique for the Order of Prioritization by Similarity to Ideal Solution [2] . Important for the decision was also the type of available data which was very heterogeneous in the sense that the performance of some measures for some criteria could be quantified while scores for criteria such as "quality of life" would be based on qualitative assumptions.
A performance matrix was created where each measure was represented by one row and each criterion by one column. The criteria or assessment categories were determined by the working group based on the above described regulatory demands and city strategies, and recommendations by the German Advisory Council on the Environment and examples from the literature [3, 33] . Each measure was evaluated based on its effects in the six criteria categories: air quality, climate change, noise, road safety, eco-mobility, and quality of life.
For the evaluation, the working group chose to assign a score ranging from −3 to +3 for each measure in each category, representing adequately the range of impacts over all measures. A score of −3 would mean strong adverse effects in the category, while 0 would indicate no effect and +3 a strongly beneficial effect. Evaluation metrics for each category are listed in Table 1 . The measures excluded the street-specific sub-measures as the level of detail included in the assessment would not have been able to distinguish specific street-level effects.
Often economic considerations constitute a typical additional criterion. In this case, however, the working group deduced the criteria based on the city's mobility policy aims where economic effects were not a high priority. In addition, the results were intended to reflect the six criteria first and foremost (in an idealized way), without constraining the prioritization with the financial cost of implementing the measures, which could have biased the selection based on cost. Economic criteria were applied in the later implementation phase when the proposal was discussed as part of the city administration budget planning (see also Section 2.4). The prioritization of measures was reflected in changes to the budget, whereby finances were reallocated so that the highest priority measures were to be realized in the middle-to near-term. In the third phase "(re-)integration and application of integrated knowledge" [21] , the integrated assessment approach was applied in a one-day workshop. Three breakout groups, joined by additional experts from the city, were formed, each group representing the broadest possible knowledge base. Each breakout group worked independently and in parallel to evaluate each measure based on the information described above and on consensus during the one-day workshop. All measures were known to all participants in detail as the participants were partly responsible for their creation and all measures had been discussed in a previous working group meeting. To assure that each individual and each group was evaluating the measures from the same contextual reference point, especially regarding the category for quality of life, guiding questions were formulated (see Table 1 ). This methodology allowed for the integrated consideration of analytical judgment for data and knowledge based effect estimations, as well as intuitive judgment for effects where no data or experience existed and incorporation of desirability of certain measures. The analytical mode is effortful, slow and rule-guided while the intuitive mode is fast and associative, and both modes are activated for uncertain judgment tasks [34, 35] .
Data Analysis and Prioritization
The measures with the largest discrepancies in evaluated efficacy between the three breakout groups were double checked and revised if the different scores were due to misunderstandings regarding the nature of the measure (there were 2 cases of this). Subsequently, the total of 1440 scores was statistically analyzed by the scientists and presented and discussed with the working group. Scores for each measure were simply averaged over the three breakout group results for each assessment category, to obtain an average score per assessment category and measure. The standard deviation of this average was used to check for large discrepancies in the evaluation of specific measures. Further discussion, plausibility checks, and decisions on weighting were carried out within the whole working group taking into account the strategic plans, infrastructure development concepts, legal obligations, and the vision to become a climate-friendly and livable city with good mobility options. To establish the final priority list the working group decided to attribute a threefold weight, and thereby greater priority, to the categories air quality and noise because of the associated legal obligations. Climate, safety and eco-mobility were given double weight because they were considered crucial to Potsdam's strategies for a climate-friendly and livable city. Quality of life was counted only once since this category was assumed to be most prone to highly subjective judgments, despite the guiding questions associated with each category (see Table 1 ). This method will be referred to as the "weighting method" from now on. Threefold and twofold weight means that the score in these categories was multiplied by three and two, respectively (see also Table 2) .
Before final prioritization, the results following from this weighting were compared to the results following a method where measures were ranked based on maximized synergies ("synergies method"). A synergistic measure in this context meant that the measure contributed with high scores in several criteria to the overall objective of developing sustainable urban traffic. To identify highly synergistic measures, the measures were ranked within each of the six categories. Then it was counted how often a measure appeared within the top 10 measures for each category. The same procedure was applied to the bottom ten measures in each category. Additional assessment categories like implementation costs, time commitment by city staff, and planning horizons were disregarded for the prioritization step to stay as close as possible to the environmental and social ideal. This avoided higher ranking for low-cost and quick measures that may be less effective otherwise. These factors were considered at a later point in the process focused on implementation. The implementation process, which is far more economically and politically influenced is beyond the scope of this paper.
Results
The continuous engagement of all working group members in the four different stages of the process resulted in tight collaboration across several city departments including urban planning and traffic, environment and nature, climate change, safety, green spaces, society and health and public relations together with representatives from the state environment agency, the state ministry for environment and two scientists. The group was able to take all decisions based on consensus and developed a purpose-tailored multi-criteria assessment including the choice of criteria and their weighting factors thereby integrating various kinds of expertise and knowledge into the process. Within one year the working group evaluated all traffic-related measures based on six criteria (air quality, climate, noise, road safety, eco-mobility and quality of life) and created a priority list. This list was presented in the budget determining city assembly where sufficient means were allocated to the measures to be implemented in the following two budgetary periods. In the following, results from the application of the integrated assessment method are described. The results are described so that the process of evaluation and challenges in the process can be discussed, while crystalizing the practical application of the methodology presented. The results are not intended to recommend the implementation of any particular measures, but reflect upon how certain types of measures were evaluated and received the kinds of scores they did, and how context can affect such criteria analyses.
General Assessment of All Measures
The unweighted results from the integrated assessment approach are presented here first. The development of a park and ride system, falling in (B) motorized private transport measures, was among the most positively rated measures in all assessment categories. This is owing to the assumption that the system would also be combined with other factors (such as highly restricted parking in the town center) so that people would be required to use the park and ride system. Hence, it would reduce the motorized private transport, especially in the city center, while simultaneously increasing the usage of public transportation and thereby reducing overall emissions. Mobility management, part of (A) public relations measures, for the establishment of a city mobility agency promoting the alternatives to car usage, received high scores likely due to the projected positive effects on the mobility choices informed citizens would make.
Measures from the (D) walking sector appeared among the highest and lowest scores as they received many points related to safety and quality of life but in all other categories often 0 points. Measures from the (E) biking sector were assessed only moderately positive and the specific measure for timing traffic lights for bike traffic was ranked last due to producing greater stop and go traffic for cars and the associated higher emissions of pollutants, greenhouse gases, and noise. Generally, the measures received higher ratings in the categories quality of life, noise, and safety than in the categories public transportation, air quality, and climate. These points will be discussed further in Sections 4.2 and 5. Figure 3 shows the percent of measures that were ranked positive, neutral, and negative in each of the 6 assessment categories. Few measures were ranked negative. Those that did receive negative scores were generally related to a prioritization of driving resulting in decreased usage of public transportation and higher emissions. This general positivity of the rankings however, was not an unexpected result given that the measures originated as part of the air quality or noise plans, or the climate concept document, which were created to reduce emissions and/or consider longer-term sustainability. The highest number of neutral scores was assigned to the climate category because many of the measures were estimated to have very little potential or only incremental effect for greenhouse gas emission reductions. Figure 4 shows the average score of all measures per sector (A-F) for the 6 different assessment categories. Walking measures (D) were ranked significantly lower than all other sectors for climate, air quality, and noise because no significant change in the number of people choosing the option to walk is expected since this is only a suitable alternative for short distances and hence emissions reductions are minimal. Safety and quality of life, however, were rated highest for walking. The biking measures (E) were ranked second lowest in the emissions categories for similar reasons. However, measures related to electrical bikes received higher scores as more people, and a greater diversity of people, are expected to use them in the future, meaning that in addition to people who already cycle others will use this mode of transport e.g., [36] , which is reflected in the high score in category 5, eco-mobility. Park and ride measures were considered part of the (B) motorized private transport sector, despite their being more related to the enhancement of public transport. These measures specifically received relatively high scores in all categories. In order to better understand the influence this had on the rating of the sectors, the park and ride measures were moved to sector (C), see grey columns, and the results compared. A more positive evaluation of sector (C) public transport was the result, including the highest score in category 5 (eco-mobility). 
Ranking of Categories as Function of Sector Category
Final Priority List
The final priority list was created as described in Section 2.4 using the weighting method based on legal requirements and the city's priorities. It was divided into 4 groups between the 25th, 50th, 75th percentiles labeled "very high", "high," "medium" and "low" priority groups. Due to the uncertainties inherent in the scoring process it was decided not to rank the measures within the priority groups. An overview version of the final list is given in Table 3 with the generic titles of the types of measures, the original list is included in the Appendix (in German). This means that the generic titles can appear in all priority groups, however representing different specific measures (the complete list of measures can only be made available by the city of Potsdam itself). To give an example of these translations, one measure was an "expansion of the streetcar route from (city location a) to (city location b) through construction of the necessary infrastructure". This measure would fall under category (C) public transport and is reported in Table 2 as "public transport infrastructure", as the actual location information/street names in Potsdam are not relevant to this discussion. This example also illustrates why the generic translation of such a measure might appear in more than one category, since such extensions of transport routes might have greater or lesser impact depending on the amount of the population reached, other public transport options already in place, etc. The very high priority group included extension of park and ride facilities (connecting public transport with cycling and motorized traffic), enhancement of infrastructure for public transport and cycling, managing parking spaces in the city (to discourage driving) as well as the creation of a mobility agency. The high priority group included measures regarding traffic regulation through construction, car-sharing and further infrastructure development for walking and cycling. These were followed by more technical measures such as installation of noise reduction walls in the medium priority group. Lastly, rather specific and geographically limited measures tended to fall in the low priority group.
To double check this weighted result for any biases it was compared to the ranking based on highest synergies (see Section 2.4). Briefly, 9 measures among the top priorities in the final list were also among the 13 most positive synergistic measures. The most synergistic measures were the extension/creation of park and ride facilities as well as the creation of a mobility agency. Based on the good agreement between the two ranking methods the list derived from the weighting method was declared final.
Discussion
In the following section, we discuss several aspects that are important to consider for practitioners and researchers when developing and applying similar approaches. This includes more general reflections on the transdisciplinary working group and the co-developed integrated assessment methods themselves in the context of city administrations, as well as specific reflections on the role of problem framing and decision-making-given uncertain and heterogeneous data and dynamics of evaluations in breakout groups for the final results.
Working Group Approach
This project was characterized by a top-down mandate and a clear objective born out of a specific need by the city of Potsdam to spend a limited amount of money on measures with the highest impacts for sustainability-fostering approaches within the mobility sector. The basis on which the working group operated were exclusively measures from concepts that were agreed upon by the city council beforehand, and the evaluation criteria were based on these concepts. The process of creating these concepts includes extensive involvement of citizens and interest groups through public discussion events, publishing of documents and request of comments among others. In addition, a political discussion and decision process needs to take place. Therefore, no specific external stakeholder consultation was included as a part of the working group process. The mandate of the working group focused on the evaluation and decision making process to facilitate the redistribution of financial resources to already planned efforts under budgetary constraints. In addition, there were few resources for supporting e.g., data collection or scientific modeling, for an estimation of the measures' impacts where information was not already available. Even though this situation added difficulties to make the creation of a priority list difficult, this challenge was met by applying a transdisciplinary research approach including different knowledge bases.
To ensure a more scientific grounding of the process and the solution relative to what would have been developed in case of an only internal Potsdam municipality initiative, they invited two scientists to co-design the assessment method and prioritize the measures with them. This led to greater willingness to engage as well as the acceptance among working group members to be held accountable for the results. This was due to the simple fact that they had the control over all decisions, which were consensus based, and the process was backed up by scientific input. The integrated assessment approach served to create the priority list of measures according to which the city's transport-related budget will be spent within the next six years to fulfill the vision of a climate friendly and livable city. In addition, the development of the integrated assessment approach triggered further scientific research regarding the question of how to provide decision-support for considerations of cross-sectoral impacts in strategic urban infrastructure planning (beyond the mobility sector). Urban infrastructure is crucial to the development of a future sustainable city transport and hence emissions because it will determine resource consumption and emissions of sectors such as transport, energy supply, or buildings for decades to come. Often data and knowledge of the linkages and interactions between, for example, air pollution, local city climate, global climate, green spaces and lifestyle development are not available at local levels while simulations are run at larger scales, regional or global [37] .
A crucial aspect specific to this working group was the need for consensus for each intermediate decision as basis for a next step in the process. In situations where the group leader and/or the scientists proposed to move forward but not everyone in the working group had understood the details of the decision, there was pushback and this particular item was reiterated until everyone agreed with the intermediate result. These consensus points guaranteed ownership for all working group members during all phases of the project. While several iterations sometimes prolonged the process, at the same time, they offered opportunities for a more thorough joint learning process resulting in enhanced capacity for sustainable traffic-infrastructure planning within the working group especially with respect to considering the linked effects within the six assessment categories.
The Integrated Assessment Approach
The development of a multi-criteria assessment technique tailored to the needs of the city of Potsdam had several benefits. Generally, the version of MCA used here had many advantages over the previous decision-making process typically applied by the city, which employed more informal judgments.
The new approach was open and explicit and the choice of criteria and weighting factors were open to analysis and changes if they were perceived as inappropriate. In addition, the scores attributed to each measure in the evaluation were traceable. This allowed for transparency and communication of the outcome to both the wider public as well as political assemblies deciding on budget allocation. The latter was especially important in this case, as the primary purpose of the priority list was to assure financial means for implementation in the coming years, which was achieved. More specifically, the here developed technique allowed for straightforward integration of the criteria deduced from the various environmental and strategic plans of the city for a sustainable mobility system into the assessment method. The method accounted for the heterogeneous data and the uncertainties associated to them and was simple enough for application in a one day workshop to over 75 different measures. The time commitment required for such an approach is important to consider for assessing feasibility. Finally, this simple technique can be transferred to the specific needs of other complex sectors, such as energy supply or the built environment.
Impact of the Overall Framing
The focus of the integrated assessment approach was the motorized traffic sector, which is the main cause for many of the challenges that cities face regarding air quality, noise pollution, climate change, safety, eco-mobility and quality of life. This framing has led to an overall bias towards action in the motorized private transport sector. However measures from other sectors can also influence these challenges as well as personal decisions about mobility, but those were beyond the scope of this initiative and will be addressed in a later phase of the three year overall project. In some cases the focus on motorized private transport resulted in highly scored action in the eco-mobility sector to counter-act it. However, improved conditions for pedestrian or bike traffic in cases where they were not considered an alternative to motorized private transport received lower priorities even though such measures could improve the overall sustainability of urban mobility. This is visible in the overall evaluation of sectors (D) walking, (E) biking, and (F) miscellaneous (compare Figure 4) . For example, this was the case when measures were concerned with covering long distances. In addition, the narrow formulation of the task to produce a priority list of the measures did not include the possibility of creative thinking outside of this framing to come up with alternative solutions.
Furthermore, while for most of the six assessment categories the definition was clear for the Potsdam specific circumstances based on the guiding questions created for the assessment, the framing of the category "climate" was less useful for the decision-makers in the working group. Even though the change in greenhouse gas emissions in relation to the emissions in Potsdam as a whole was considered, climate impacts of all measures were generally evaluated to have minimal effects, with little variation between the different measures. This has likely led in some cases to an underestimation of the potential reduction in GHGs specifically regarding improvements in the public transport sector such as emissions reduction for buses compared with e.g., connecting two bike routes. A different framing supporting higher differentiation between the effects of various efforts might have led to different ratings in the climate category. Examples for highly, moderately and minimally effective measures for GHG reduction could have been given to provide anchors.
Decision-Making
Some measures, especially those unprecedented or very recently introduced in Potsdam for the first time, received on average higher scores than measures where long-term experience existed. Among those were the creation of the mobility agency, the encouragement of using environmentally friendlier transport options for longer distances or inter-urban traffic, and the enhancement of park and ride facilities. This positive bias was most likely due to the projection of future green visions for the city into these efforts based on the intuitive judgment mode. It has been found that the analytical mode, due to the higher cognitive effort needed, will make negative aspects more salient. Hence, it can be expected that judgment based on the intuitive mode rates the measures where little data is available higher due to desirability [34, 38] . However, it has also been observed that thinking out loud induces the analytical mode of thinking [39] . In this case, another potential influence for the high rating could have been confirmation bias due to group homogeneity leading to the same initial decision preferences [40] .
Except for such new measures all other efforts were assessed based on reference data and previous experiences as proxies for actual future changes in emissions and related effects. In addition to this expert judgment, more subjective factors based on practical knowledge were included in the assessment such as public acceptance. An example is the projected usage of park and ride facilities, which also included an assumption that to a certain extent their usage would be required and not wholly optional, either by severe parking restrictions in the inner city and/or limiting traffic flow into the city. Another critical point was that the realization of measures over a time period of six years, i.e., at least two city budgets negotiations, was considered. This is important because some principal measures would lead to higher impact only together with additional efforts that alone however are minor, e.g., connecting two close but disjoint bike routes for the overall cycling network in the city. Such measures could then be assessed in the larger context and the realization of more long term structural changes was thereby not inhibited by short-term thinking like in the case of the mobility agency.
While some measures were considered in larger contexts, and thereby not rated based on their stand alone and immediate effects other measures received scores only due to their first order effects. Among those measures was e.g., synchronizing traffic lights for cycling. The primary aspect that was assessed were the consequences for the motorized traffic where more stop and go could be expected and hence higher emissions. Few people were expected to switch from car usage to cycling because of this advantage for bikers. Second order effects, including the transformation to a generally more cycling friendly city and subsequent re-orientation in mobility choices, were not considered. Such indirect effects however can be responsible for significant improvements in sustainable urban traffic as several examples show [41] .
In addition to such inherent considerations, a practically motivated value judgment was included in the final creation of the priority list by weighting impacts on air quality and noise threefold. The underlying reasoning was that limit values for air quality and noise are compulsory. To ensure future compliance, measures that would have high impacts in currently critical zones were prioritized. A similar argument was applied to weighting positive impacts on climate, safety and eco-mobility twice because these are crucial elements to the effort to become climate-friendly and a more livable city.
Conclusions and Outlook
In a one year transdisciplinary research process, the Potsdam working group on "Mobility and Climate" designed and applied an integrated assessment approach to create a priority list of all planned passenger transport-related measures. All measures received scores based on their estimated impacts in the categories air quality, climate change, noise, road safety, eco-mobility, and quality of life. These categories were chosen as criteria based on Potsdam's strategic plans, infrastructure development concepts, legal obligations and the vision to become a climate-friendly and livable city with good mobility options. Three sub-groups of the working group independently assessed all measures attributing points between −3 (very adverse impact), 0 (neutral impact) and +3 (very beneficial impact). Based on these data, a priority list was established where the categories air quality and noise were given three times the weight of other categories because of regulatory limit values, and climate, road safety and eco-mobility twice the weight because they are crucial for the city's vision. The final rankings also reflected the high potential for synergies by certain measures which were located at the top of the list. This result has already and will guide decision-making and budget spending for the next six years in the city's mobility infrastructure development sector (see Figure 2 box "implementation of measures"). Significant budget relocations were achieved to assure the implementation of group 1 and 2 measures by the time of the submission of the manuscript.
The co-development of the prioritization among the city administration and scientists helped to create ownership and confidence in the solution for sound future political decisions. It also generated insights based on which a new research project is being created for the development of a decision-support tool that makes the linkages between urban infrastructure development and its long-lasting impacts on air quality, climate, citizen behavior, etc. explicit for strategic sustainable urban planning. The first phase of this follow-up project has shown that in addition to the multi-criteria assessment, the here applied working group methodology as well as the institutionalization of an authorizing working group is of high relevance to other city administrations. It is planned to adapt and apply this approach to other areas of planning in Potsdam such as energy supply or the building sector as well as in other cities where a suite of measures has already been decided on but where, due to different types of constraints, priorities based on multiple criteria need to be worked out in short time in line with strategic planning objectives and legislation. One aspect not considered at this stage of the transformative process in Potsdam, was the importance of motivating behavioral change for sustainable urban mobility. Individual mobility choices, however, will be significant for successfully increasing the share of non-private motorized transport e.g., [42] . This aspect will be covered in the second year of the working group. To track the impact of this effort, the same working group is currently developing a monitoring and evaluation plan to track changes resulting from the implementation of the prioritized measures. 
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